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(54) Method and apparatus for therapeutic electromagnetic treatment 



(57) A therapeutic treatment device for treating a 
treatment region comprising an incoherent, pulsed, light 
source operable to provide a fight output for treatment, 
a power supply connected to the light source, a housing 
including a reflector and having an opening, wherein the 
light source is disposed within the housing and the 
reflector reflects light from the light source to the open- 
ing. A flexible light guide is disposed between the open- 
ing and the treatment region, wherein the light guide 
receives the incoherent light from the light source and 
transmits the light to the treatment region and the light 
source, reflector and light guide cooperate to provide 
between 6 and 100 J/cmg to the skin. 

The light guide transmits light having a predeter- 
mined angular divergence, wherein the divergence is 
selected in response to a desired treatment depth. 
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Description 



. mJ^fltT ™T"L T- 9enerally 10 me 01 *«P«* electromagnetic treatment and more specifically to 
s » T-^ £ f"? P** light source such as a flashlanp (flash tie) forsuch 

tionf " 9 8W ,rom ^ ' bShlamp irt0 ,ibers *t therapeutic treatment or other apX 

Octcb^^^^^°^ rt d ^ a** States application Serial No 07/964.210. filed 
October 20^ 1992 entitled -Method And Apparatus For Therapeutic Electromagnetic Treatment" 

™ f^^SSH el<ample • U S - Pa,ent Na 4 - 298 - 005 to Mutzhas describes a corpus ultraviolet larowi* 
^^^f'^ 08 ^.^^emiea. applications. A treatment based on using the UV ptrS *e sSn 
^fl^^^totemction with the skin is described. The pew delivered to the skin using MutzhasManp I 
desenbed as ISOW/m 2 , wh.ch does not have a significant effect on skin temperature 
« ArJH f**" 00 ^ P*r art treatment involving UV tight, lasers have been used for dermatological procedures ineludino 

™nl '1 ^ Furumoto. describes a method of constructing a dye laser used in dermatology w^tions TvTsSn 
™ 1 T be . ,reated by ' aser radiafion are ex,ernal *" Regularities such as local oSferences in ml S 
T^Z^ e " 5' SWa and vaseular disorters de eper under the skin which cause a w£ 
o n^Zl ^? 09 ^ri 5 * 31 " 8 - telan 0 iee,asia8 - 'eo v«ns and cherry and spMer angiomas. LasSrr^rtrt 
h!ll k Mrt6fS ° enefa " y inC,U,es l0cali2ed heaSn fl <" treatment area by absorption of laser r JattorHeatina 

pnn,^l?l . Mrd6fS SUCh 38 pi9mented ,esions 08,1 also be heated by heating the skin very test to a high 
Z?I1T. W3p ° r f ,e P 8 * 0,tf,e ■*»• DeepeHying vascular dfeorders are nS,re typically ?eat^ by hwt 
, ^fhe^!^ h 9 ^" 0 " 9 ? to^^toretocause it to coagulate. The dfeorder will then ever^lly disappear. To cw- 
ZZrtT^VT, V? 1 *? 18 ^ U8ed - 71,6 depth *• hea * Penetrates in theXd vesX 
tfK ^^J^T^ °1? 9 radia,i °° 80Urcft The ^P*' 0 " ^ «•»•*« coefficients of the skin 
f «^ 6 coe * ,aems 8/8 8 tonctien ot the constituents of skin and the wavelength of the 

mfn^nlJ^^* ?" °' "*» in » e epidermis and dermis tends to be a slowly* JJT 

. Z^wlt i 881 " 9 <UnCt ' 0n 01 W8velen 9 ,n - ™>* the wavelength of the light should be chosen so Mta 
' abso^rpton coeffc,ent .s optimized for the particular skin condition and vessel size bang treated 

ish JhL!? ^ neS8 01 l88e '!^ r 8p P ,ica,ions «eh as tattoo removal and removal of birth and age marks is dimin- 
.shed because lasers are monochromatic. A laser of a given wavelength may be effectively used to treat a M Hmm of 

S ? -"effective forthe second type of skin disorder. Also, lasers are usually cornplicated expS 
to manufacture, large for the amount of power delivered, unreliable and difficult to maintain expensive 
The wavelength of the light also affects vascular disorder treatment because Wood content in me vicinrtv of the ™*. 
culard.so.ders varies and bloods 

ma.n chromophore which controls the optical properties of blood and has strong absorption b«£ZESEta 

add*onal absorption peaks with lower absorption coefficients occur at 542 and STTnm. The to^ba^^ nt m^ 

mert of Wood vessel borders of the sWn since it is absorbed by the blood and penetrates thiouTh the sWn T Lonoer 
^fTn? *T7 are 8180 e ^ Ve ^ toey can peneLe deeper into SHKSSSX^ 

nJ^ZuZl%l?£? r T^ C r8dia,i0n S0U ' C9 that wvere ^ near UV and the visible portion of the 
spectrum would be desirable for treatment of external skin and vascular disorders. The overall range of wwelenothsof 
*e tight source should be sufficient to optimize treatment for any of a number of applications. s3att™S£ 
^ 8h ° Uld 8l80b8C8 P 8 "e of provkfing an optimal wavelSgth ToCTr^ge 
£ £E? "f 80 " 1 * ^"8 « r eated. The intensity of the light should be sufficient to cause me required 'ttamd MM 

toTrd^a S^X^n ^ We *! ° Ptimal pene,ration dep * tor each application Therefore. H is desirable 

light JS nTde toh^oMo ^ eeS 8 f 88 l n !f' lashlam P s P'^e these benefits. The intensity of the emitted 
SO^ccSthenLS 

range and the optical bands most effective for specific applications can be selected, or enhanced using fluorescent 
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mfflenate. Moreover .nonlaser type light sources such as teshlamps are much simpler and easier to manufacture than 
^Ih, 519 ^' 08 ^ less /?* en8,ve , tof *™ P~er and have the potential of being more efficient and 
«!f^ e f y ^ a sP^et^J range that can be opbmixed for a variety of specific skin tr^tmerrt appncai 
5 SZSL 8 th3t **" be wer 8 ™oe which is critical for the drfferZ^pefof 

« rOH^^ f^!° r treatin9 Std " disordere ' lasers ^ been used for invasive medical procedures such 
oL? °, ^L*? r6 T^°' W00d vessel ""^a 6 - ,n ?"* irwasiv e Procedures laser light is coupled to optical ffeere 

,o t^L * 6 ,fl ^' n,era ? 0n W * *" St0ne 0,68,68 8 *°* Prizes the stone. To remove blood 

^^ 99 ^. I,9M,S "^^ 

ZZJ CUSS6d8b0V6 1 wi ? h to treatment are present. Accordingly, a treatment device for 

lithotripsy and blockage removal utilizing a flashlamp would be desirable 

«nJ^^!^, m tn6 . li9rrt . from the «*"» 06 focussed on the treatment area. Coupling pulsed laser 

is such as CW larnps into small optical fibers. For example. U. S. Patent No 4,757.431 , issued July 12. 1 988, to Cross et 
H***? 8 me ^ hod tor fusing incoherent point sources with small filaments or an are lamp with an electrode s*v 
il^ *** (0f Sma " ) Sources are rel8tiv8| y easy to focus without large losses in ene^y 
toM „ « k 6 ^* 9 ^ MS °- U S ' P8,ent No - 4 ' 022 ' 534 - issued ■** 1 * ,977 . to Kishner discloses 

» J! . Pr0dUC6d ^ 8 ,l8Sh tUbe and 8,9 """a™ <" on| y 8 «•»■ POrton of the light emitted by the tube into an optical 

n , i J!^ eVW, J he T dimen f ion 01 8,1 extended ^oe such as a flashlamp makes H difficult to focus large fractions 
hi J£Z T*T "T H ° 0pfiCal ,b6,S is more «since not only mustahighenergydensity 

, ^ me anflular *stribution of the light has to be such that trapping in the optical fiber can be acconv 

* KoXf^^ 

h s V ,i ^ e 1 r * 0< f 1 rn8nt 01 * 8 ■«»•*» a therapeutic treatment device comprises a housing and an inco- 

^ 9 ^ ^ SU,tably * ,laSh,a,m ep6raU6 10 pwide 8 pu,S6d "*« «** ^ treatment disposed in the hous- 
'ZJ?1 T m ° Pefli " 9 *" fe SUitab ' 6 tor 661,19 dis P° S6d «*»•"' 8 6Wn treatment area. A reflector is 

so TZt^n T T 09 pf ST a,e * e liflht a* 81 ■•«« one optical "Her is mounted proximate the opening 
widl n.°^f ' nS ^.^edcoextensively with the opening. Power to the lamp is provided by a variable pulse 
e,reu,t , 7hus - ^ * eatmert "evice provides controlled density, filtered, pulsed light output through 
an opening in the housing to a skin area for treatment 

nr J^^.! 0 8 $e00nd ^k^™'* 01 * e invention 8 method or treatment with light energy comprises the steps of 

s a^h i* E^«7?l 0 ' ""^ * e0rtr0l,6d 8nd tocusS6d « mat the power density !t th^K 

is controlled. Also, the light is filtered to control the spectrum of the light 

fi fleW A ^ d i n ?2?« a i" rd 6mb0d ! mem 01 *• inverrtion a coupler comprises an incoherent light source such as a toroidal 
flashlamp. A reflector is disposed around the Incoherent light source and at least one optical fiber or light guide Ine 

4» figuration fbers may be provrded. along with a linear to circular fiber transfer unit disposed to receive light from the light 
source and provjde light to the optical fibers. The reflector has an efliptical cross-sSn a toe SS 

^ S r ^^ h a ^ en r r,laSh iS 'oceteda. onetocusof the ellipse wMetoeSC^^ 
unit is located at the other focus of the ellipse. * »»u « u«ii« e r 

« als d^a^L"^^^^ ° f *l lnvention ' re,erence « made to the accompanying drawings. In which like numer- 
45 ais designate corresponding elements or sections throughout and in which: 

- ttJSZSXSSttZ 01 a pu,se tormin9 ne,work '* 8 ^ pu,se «•* tor um •* 166 sMn fr6a «- 

^ , Snta| i L a ge? SS " 8eeti0na, ^ * * m *° m 8 ,l8Sh 11,06 int0 8n 0 P lica, ,iber •» 

Figure 5 is a side view of a toroidal flash tube; 
Figure 6 is a top view of a toroidal flash tube; 
ss Figure 7 shows the geometry for coupling into a conical section- 

■ MtUS* ° fOSS ' S6c,ion81 view " 8 """P"* tor coupling light'from a toroidal flash tube into an optical fiber with 

Roule ?0 iS i s 8 a fr ri^ e e S O^a, u!" °! < 8C0Up,er tor ""P"" 9 «rom a linear flash tube into a circular fiber bundle; 
rigure 10 is a side sectional view of the coupler of Figure 9; 
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Fioure 1 1 is a front view of a coupler for coupling fight from a linear flash tube into an optical fiber- 
Figure 12 is a front view of a coupler for coupling fight from a linear flash tube into a doped optical fiber 
Figure 13 is a schematic configuration of a gel skin interface with a transparent plate 
Figure 14 shows an angular distribution of photons penetrating without using a gel- 
Figure 1 5 shows a light guide providing a large angular divergence; 
Figure 16 shows a light guide providing a narrow angular divergence- 
Figure 1 7 shows a spectra produced with a flashlamp eunent of 200 amps- 
Figure 18 shows a spectra produced with a flashlamp current of 200 amps : and 
Figure 1 9 shows a QTO driver circuit tor a flashlamp. 

In the various figures, like reference numerals are used to describe like components. 

Before. explaining at least one embodiment of the invention in detail it is to be understood that the invention is not 
limited in its application to the details of construction and the arrangement of the eonvonente set forth 
de^ipSon orifiustrated <" the drawings. The invert 

out m vanous ways. Also. « is to be underatood that the phraseology and terminology employed hKIKS 
pose of description and should not be regarded as limiting. isronnepur 
m ™r^™ fl 1 « < ^ R9UreS 1 2 - cross - 8 «*<"'a' and side views of an incoherent pulsed light source skin treat- 
ZL « ™ l C0nSlr ^ 8d ^ d «T" in aCcordance witn * e P*«W- * the present invenW^hown Te 
device 10 may be seen to include a housing 12. having an opening therein, a handle 13 (Figure 2 only) a liflhtsouroe 
14 having an outer gtess tube 15. an efiipflcal reflector 16. a set of opficalfiHers 18. an iris 20and a?«ertor ^(^e 

flasfii™^ £ ^«J S T^JT h0USin9 12 ' a typical incoherent fight source such as a gas filled linear 

on cuZ dell ^Jff r * ' LC - ™ 6 Sp8ctrum of "*» emitted * ** "* ""ear flashlamp 14 
S rlS. ^ enV ^° Pe , ^ 935 miXtUre ^ in 016 «** For ""»• ««• densitie7(Tg 

echi^^h riS r ViSible, di$0rder 8 feqUired ,i9W densi,y O" the skin must be delivered. This light density can be 
«£ m^rh^^TT^r 1 in R9UreS 1 " ,d 2 " Fi9Ure 1 a cross-secfionvLof refle^r 1 6 
^T* I ^ ^ h0Wn 1 ' •* of reflector 16 in a plane is perpendicula/to the 

Zl^ZZ, ? Uneaf ,laSWamp 1 4 iS l0cated at one focus of the ellipse and reflector MiStonS 
in such a way that the treatment area of skin 21 is located at the other focus. The arrangement shown is ■Mhrtota. 

not however, be considered limrtng. Elfiptjcal reflector 16 may be a metallic reflector, typically polishedTrtZ Teh 

uZ ^IZT 3 ^ eCt0r W9h re " ecMy in the and rename S~ca^b 
used. Other bare or coated metals can also be used for this purpose ^ Da 

Optical and neutral density filters 18 are mounted in housing 12 near the treatment area and mav be moved in*, 

aTwX^e^fi^^n^^rf m «* w ~* °* ■» ,iaht 

desTrehle to^f^l IS? J" 5 "" U,travi0let P 0 * 0 " 5 °* the s P ecfrum - * some procedures it is 

" S9 ^ crf u , tha s P e * um - with only the UV portion being cut off. In other applications, mainly for deeper 

c^afiy*^^ 

Glass tube M£ iis located coaxially with flashlamp 14 and has fluorescent material deposited on «. Glass tube 15 will 
typicafiy be used for treatment of coagulation of Mood vessels to optimize the energy rtdeSSno TOe fh£ 

to 650nm range that is opbmUed for absorption in the blood. Similar materials are coated on the mnTwa VJ con™^ 
cen^^ 

b %£"t r ,SS ' 0n wavel6n9th0 ' 570nm and has « ban*** of 70nm andTuseful to7eb3onin 

me^of^v^ 

wa^H^Z^S^ l BaS I; lamP 14 SUCh 83 drCular ' « and multiple linear flashlamps 

uTid w^ a rS 1LT * ^ 6r <te$,9n8 Mh 88 P* 8 ** * eireu,af reneetonj - f" 9 «BW «>urce can alsobe 
prolTfothe^ 

vvidm^fte'exTsllrl^fh 9 t2 **?*"*** ««ars 18 and the treatment area and controls the length and the 
lm iP^h^o ! ' **<*< limabna 8,8 0"*"* Of flashlamp 14. The length of flashlamp Mcontrote the maxi 
IS ST^lS^Si 2f* Sanif '•n 8 th> tube ^lU be used and o™lhe eer3l^ 5^ 
Thus InT ^££!TJ » - a ^ Cm , aSSU, ; eS 8 h,9h deflree of unitormi * o» e nei>y density in the exposed skin area. 
j£n £ T£Z irZ'J? WS ° ?' led 8 C0 " imat0r) Wi " enaWe a^ur« of skin areas of a maximum length 
of 5cm. The ,ns 20 may be closed to provide a minimum exposure length of one millimeter. Similarty, the width ofihe 
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wavelength investigation of the skm over a w.de spectral range and choice ot optimal treatment 
In an alternative embodiment, detector 22 or a eeennrf Hota^r w 

nmmwmm 



*4[kAt/Cp] 1/2 



(Eq. 1) 



where 



k = heat conductivity of the material being illuminated- 

At = the pulse-width of the light pulse; 

C = the heat capacity of the material; 

P ■ density of the material. 



55 



by a factH 100 ° " 10 '° 1 ° SeC wi " result in a variafon in <"* <"«"™J Penetration 

mmmmm 

to^trn^ w , ■! t ! m P era,ure re " uired tor coagulation and may cause unwanted damage 

uJssre?^^ 

conductivity) a Z^Z7» ThT7 ?V ^ ^ For exam P |s - a 10" 5 sec pulse will penetrate (by thermal 

(FWHM) of a f lashlamp dnven by a smgle element PFN with capacitance C and induciance L is approximately^aTto 

At-SILC]" 2 mz) 

us J!^'^J 4TO ^ driven b y different PFN's. as shown in Figure 3. The relay contacts RV R2'andR3'are 
used to select among ti.ee capacrtors C1 . C2 and C3 that are charged by the high vJage power suppfy. Re^ m 
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J 1 ^ W " 66 eonnec,ed *> "ash'amp 14. The high voltage switches 81 . S2 and S3 

^e liu^m H e H y 5 *" 01 •» PFN "* ,lashlam P 14 - o- embodiment LI, L2 and 

r^SvS respectively, and CI. C2 and C3 have values of 100mF. ImF and lOmF, 

5 « 'r^ 0n,0th !^ li ^ 0 " i r"° "* PFNs e|Xuatefe vvhieh generates thebaricv^^ addi- 
tional variation can be achieved by tang PFN's sequentially. If. for example, two PFNs having pulse-width AM and At2 

pulse-width of this operation of the system will be given by the relation: At « At1 + At2 

,„ . 2* ^IT 3 T? "?* tyPiM " y has a vote9e ranfle 01 5007 10 Skv - T» 'elays should therefore be Ngh vott- 
fS •« «n «** these voltages reliably. The switches S are capable of carrying the current of HashfcwpM 
andto isolate the r«rerse high vottage generated if the PFNs are sequentially fired Mid-state switched 3m 
switches or gas switches can be used for this purpose. vacuum 

* S ^ r e LT er JT' 1 ' (no * sh0 ^ in R9ure 3) may be used to keep the flashlamp in a low current conducting 
s £^ ^"nrtionscan be used to achieve puise-width variation, such as the use of a single PFN and a crow 
5 bar switch, or use of a switch with closing and opening capabilities 

rife ,la * lam P 1 4 an ^ectrical pulse-width of 1 to 1 0msec. a linear electrical energy den- 

SE1^?.22 J * r I T" be ^ 6d ' ** 6nWBy de " Sity <" 30 to 10W/em2 08 achievad °" »e skin for a Epical 
flashlamp bore diameter of 5mm. The use of a 500 to 650nm bandwidth transmits 20% of the incident energy Thus 

fteSp 14^ ^an0e • enabKn9 0,6 ^ expoSure °' the *«" « "^er energy input into 

rann ! U ^J aSer * n Sh0WS ^ energy densi1ies in 918 """A 9 °* °-5 to 10J/cm* with pulse-widths in the 

f 8 STS tof vascular related sWn disorders. This range of^rameters falfe in 

- glass filters 18 can also be used to control the energy density on the stan. 

For ertemal disorders a typical pulse-width of 5 microsecond is used. A 20J/cm electrical energy density input into 

^ 71 « 9 °!' ( ! ner9y transm,ssion - or sW " exposure to an energy density of dose to 10 J/cn£rhis energy den- 
sity is high enough to evaporate external marks on the skin. 

U nit ^ ni ^!f n w ep,W I i ?l aS *" UnilS: 8 "height held by a physician using handle 13. with the hand-held 
^ TZ^1^ V 14 ' "'T 1 l 8nd iriS 20 *« t09ether ^ *• spectrum arxf the size of the exposed area 
£ ff!? 0 ? "* the r ««e«Mty and the instantaneous stan temperature. The power scpplyfte PFN's 

^ « C ° mained in 8 S8p8ra,e te (n0t Sh0wn) 'hattecwnededtomehand-heSunkviaaflex 
>ble cable. This enables ease of operation and easy access to the areas of the skin that need to be treated 

*»„ * HZ - °" L .5 b86n deSCribed in conjunction with skin treatment However, using a flashlamp rather 
X^ 'T ^<™rrts provides advantages as well. Procedures such as lithotripsy or removal ZZs 
ml ,^2! 22£ P ^ 6d Wth 8 tehlamp - *"* a d *"' ea he similar to that shown in Figures 1 and 2. and 
11, electron.es of Figure 3 to produce the flash. However, to properly couple the light to an optical ffcera 
number of couplers 40. 80 and 90 are shown in Figures 4 and 8-10. respectively Wioan optical fiber a 

„ *f ^ es . an J* - source 01 hi 9 h ^ensily incoherent and isotropic pulsed light such as a linear flash 

n the embodiment of figure 4. Optical fiber 46 transfers the light from light collection system 44 to the treatment area. 

trS^^ 

nroce^o7to liTri 6 ! "^l prOCe8Sin9 10 "P** heat or 80,816 a Portion of a material being 

processed, or to induce a photo-chemical process. Alternatively, coupler 40 may be used in a photography application 

!£T e USi " 9 " UCh 8 COtple ' *- tha »■* ** to be loc^Se Santera 

^ " , ° 0he T t 9 2 in ^ 8pp,iCati0nS *« ^'V* w incoherenl «* has been use^in me pit 
and k °f UP ^* e I 91 " to an 0ptical ,a,er - 42 has a toroidal shape, shown in figures 5 and 6 

u£ h " i 3 *!^" 10 ,W * W 8,18,58 ^ "«* 85 a continuous^henx. riy be 

a ^^^ ^ Wef ;. 8 , h8 f Cal tUb6iS,TOfa diffieu " ,0 manufacture than a toroidal tube. Referring now to 
S^SJS^ST U * i0 0,8 8h8pe 0,8 t0Ure - M is a paiBCt toure *« »e electrodes located at the 
shla ^T 8 ^ ^ ^ 80Ure *- TO s *es "Ot create a slgrtffcant drsturbance in the circular 

shape of flash tube 42. since the connection to the electrodes can be made quite small 

«Ji«.St r il C °" eCtS ^ f" centrates the "Bht. and has a cross-section of substantially an ellipse, In a plane per- 
SSL^ ^ n ^ l 0r °" al ,,88h ^ «• ^ "*» « is - ellipse preferably Zns a Small an'gte 
TJZSZT m toro,dal 1 lam P 42 - ^e exact value of the angle between the ellipse axis and the main axis of lanp 
42 depends on the Numencal Aperture (NA) of the optical fiber. The toroidal flash tube is positioned so that its mi™ 
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axis coincides with the focus of the ellipse. TTie other focus of tha allinsn k »t * Q ~. ™* ,ru „ 
may be machined from metal with theW surlacesSh* Tfo, S e^ fS^t 1 44 
with high reflectivity in the visible and ultraviolet^^** .-J ■ ^ * un,,num « a very good reflector 

machined in one piece and then ^to^Tsu^ZT^^J^ PUrpOSa 7,19 reflector ra » »>e 

5 gration of the tora'dal flash tube into tKice. Perpendicula ' ,0 the ma " «« cf the device. This will enable into- 

^er^S^^hS 

Sin(M wB ) = Cos(p)-[n 1 J /h s J .l] w S in(p) (Eq3) 

!r~^ 
■ section^^ 

n nt,vI,r^ n 'i 9Ura60n 8h ° Wn R8ure 4 also be used with a fluid filling the volume between the reflector and th„ 

fber. even H core/KS 2ST ^ ^ ^ Section are 8,80 ^ in *° 

the ffber edge, such WSKSST^X ^ °' ^ COnical «** ^ <*" shapes of 

^ic.glas.oromermater.sha.ng^deZ^ 

Mode, no* cost s. ogSssjs s^jesssss?* ,,fters ^ * *** ^ 

-^TenTl^ 

specific light guidT * ^ to *" alternat,V8 ««" «*» <* will be performed with a 
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The optical properties of the fight guide will be chosen to optimize the particular treatment The wavelentfhs hPir» 
are particularly useful for the respective treatments: wavelengths below 

arteries less than 0.1 mm in diameter - 520-650nm 
veins less than 0.1 mm in diameter - 520-700nm 
5 vessels between 0.1 and 1.0 mm in diameter- 550-1 OOOnm 
larger vessels - 600-1 OOOnm 

^Hb^u^^ 

Multiple spectra may be used for optimal penetration. This may be accomplished by illuminating with a few Dulses 
<o each having a drfferent spectrum For example, the first pulse can have a spectrum that is highly Ported in h3™«l 
pufeew^gulmetheblo^ 

wavelength range (preferably longer). A second pulse will be more efficiently absorbed MtobtaSlSto 

of a greater wavelength range. This principle may be used with lasers or otner light sources as wen W 

5 t» J«'° n ^ !?!!2". 0Mha liBht flUideS discussed abwe ' a "OW 9 uide is «" alternative embodiment 
£2?J 5 angular d^trtartor, of the light rays impinging on the skin. Light that impinges on the skin J^SSt 

ilarivTo 1 I P ^ Penetra,e V6ry deep,y int0 916 ,issue - Co™*"* «gW that impinges £££ 

aivlv wS« SS 7 ^ 8 T penetration - « « Arable to provide a distribution of ligtrtray^thj hi aTel- 
o?etr^foZ»^r :aWh w en thetreatn,Brtr equ^shanow penetration. Alternatively. ararn^dTerglnceis 
o peSon ^ 09 d86P Pene ' rafon is de **- ■rtflW require both shallow and deep 

h~ R J 5 Sh0W l a ' i9ht 9Uide 1 1 5 havinB an 6x9 beam ^ a angular divergence than that of the entrance 
vZ£Sl^ 

! H A bwm l^^^h^^rin!?^^- 1 1 Vi!* maintains 106 a "g ular distribution of the rays of light that enter into 
little use V*£E££E* 8 ^ n , 9 ,, ,,Sht 9Uide 118 " Hh 9,9 89,116 relative «> the axis of cooler 601. 
^Tfh ? 9ht 9UldeS 1 15 and 1 18 can achieve the narrow and deep penetration discussed abovrAtlerna- 

tivelythe user can se.ec. the type of coupler ^bhd#.p^^ bht SS; 

<u fn^fho 1*2 1 LfT !*. C0UP ' ef 90 for COupBn9 a nnear ,lash ,ube 92 mrau 9n a linear to circular fiber transfer unit 

J?*** M 035 8,1 ^P"' 081 «•"«*». ^ in Figure 10. in a plane 
to ^ITrT* 92 *" embotliment Tube 92 ' a 'seated on one focus of the ellipse whBe the iSskle of fin«r 
1X1^™ C ° nV T 9 *, te l0Ca,ed 81 919 """«** 01 919 e, »P S9 - «* iguration is relativel^nplefo Z 
maybe used. Th,s configuration is particularly useful for larger exposure areas of the fiber, or for flash ffluminationpur- 

in c^.TT 8 ^ that «n be achieved by this invention are high enough to get the desired effects 

insurface treatmen l or medical applications. For the embodiment shown in Figure "4 the total en^and^wwdeS 

T^Jf M 'I™' FOf 3 t/PiCal tor0kial *^ « ^ bore dimeter anTa n^^eT* 3 3^ 
an electncal linear energy density input of 1 0J/cm into the lamp can be used with a Susec uulsewidm Tlw rJt «'*^ 

5w£7E£l££Z T" Lf** 9 ,0Wer feCUS ' ^ a tolal ^ergy flux on the focus of 25 to 30JmJ be 
a^mfi^orfnn^rfn?»^ e ^ S : S ^' Wn f" 4 or Figure 8 the total cross-section area of reflector at the focal plane has 

mXSEZ ^t^^ 660 " 9,9 °" , ' ro,ao to ^^atmeen^etomefiber^beS 
Tse^Tn rZS^™; i* COrresponds to p0w9 ' Cities of 5 to 10MW/cm*. which are the typical power deities 
used m medical or matenal processing applications "»»™» 

tube^i^L^ 

m^^jZESiJttL*"* 01 100J/cm ra " 08 used - ^e corresponding energy density at the focal area 

show^^R^^^!!I^^ 1 . COUp,i,19 9,9 ,io9r 10 an tended light source such as a linear flashlamp are 
1Z - th8 embodim en» <* Rg«"e 1 1 an optical fiber 101 is wound around a lamp ««anda 

pZgXnth?^ 

fZZES Tr^ T that 15 tra PP ed "y * e fiber then this light will propagate in the fiber and it can be used at a 

T^oJo^JZT" °J ^ T i9Urafi ° n * 9,8 that "« «« 919 W emitted b^SaS ,* a 
airerton perpendicular to the surface of lamp 103 and cannot be tapped in fiber 101 

and e^Jo^r^^T" ^ 2 ^^^^^^^^^^MM^w 
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Typieany tor glass or other transparent materials n - 1 .5 and o - 41 e° This eom»»nfe m «, ■ 
more than 10% of the light emitted by fluorescence inside the iC H m TassumTJ M%££tt!* !m * 

may be used. A gel having a relatively high heat capacity and thermal conductivity such as a ^tertaJl ™m!^ 

;rxcrcni^^ 

££££ Z TTT SWn - *° 8Chiwe « ^nspare^lat pi^ in Sto 
^L?™** °^ 6 **"- ^ "*Bumtai is shown schematically in Rgure 13. The transparent Tpteralar be^de 

that ^S?^ "J*?. 13 h8S the advanta " 01 redudn 9 *• «»«*0 of Hght (represented by arrows 1 13) 
"tTJ? ! *" ? ,rre S ulari,ies in th * C •» skin. The sWn has an ind« of^Son tS Joe 
!£nS££ liL*^ any «, Ph0t r impin98S on » e * ** We ^o *"«ad if *E££t hlT 
IssTnlrnTcLS 

of mrswrThl?^^ 6 ' 1 ^ ri ^»>' 8uc <*«'"' * fhe treatment of leg veins and other benign vascular lesions 
ot the stan The treatments were earned out with the flashtamp described above However in afteri^^^imJ^! 
a different incoherent source, or a coherent source, may be used alternative embodiments 

deiayTgrS^m^^^^ 
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In another alternative embodiment the spectrum of the light used tor treatment Is controlled by controlling the volt- 
t?*™^™*? , "* d to * e f bshlan, P- ** is "e» known in the art the spectrum of light produced by a flashlamp 
is dependerrt on the voltage and current provided to the flashlamp. According to this embodiment the input voltage and 
TZZ T' ft ST*", 8 dSSired treatment sP«*um. ™ 6 appropriate voltage and currents may be determined 
expenmenteily for each flashlamp used. For example, a flashlamp current of 200 amps produced the spectra shown in 
Figure U&mtafe me spectra of Figure 18 was produced using a flashlan* current of 380 arrps. The spectra of Fig- 
ure 1 7 shows a significant enhancement in the wavelength range of 800-1000nm. Such a spectra is particularly useful 
for treatment of large vessels. 

The different currents and voltages used to control the output spectra may be obtained using a group or bank of 
eapaators that are capable of being connected in either series or parallel as part of the power source for the flashlamo 
A series connection will provide a relatively high voltage and high current, thereby producing a spectra having enemy 

l^^r 6 *' T h 1 S f 00-650 nm - Sueh 9 series *» ^ more appropriate for generating short™ 

pulses (1 to 10 msec, e.g.) useful for treatment of smaller vessels. 

, * P ^!!' e ' * "ewer current and voltage, and thus produces an output spectra of a longer wave- 

length, such as 700-1000 nm. Such a spectra is more appropriate for treatment of larger vessels and is suitable for orc- 
SX^o» Pn re 5s ran0e ° n °- 50mS6C - e - 9 * Tha of series or paranel oonnecfens may be done 

In one alternative embodiment the pulse forming network of Figure 3 is replaced by a GTO driver circuit 121 such 
as that shown in Figure 19. The driver circuit of Figure 1 9 uses a switch capable of being turned both on and off to con- 
trol the application of power to the flashlamp. While this alternative errfcodiment will be described with respect to a GTO 
being used as the switch, other switches capable of being turned both on and off. such as IGBTs, amy also be used 

is J EETSTrS!!? SU? ■ 121 inc,ud68 a hi S> n source 122, a capacitor bank C5, an inductor 

LS. a diode D5. a swrtch GTOI. a diode D6. a diode 07, a resistor R5. a capadtor C6, a GTO trigger generator TR1 a 

a ZT^ L a ^TZ 8nd 8 , ,' aShtUbe tri " er Benerator TR2 ' 71,686 components are connected to flashlamp 14 

S£l J" ST* P n SeS ,0 " aShlamp 14 ' 7,16 dura,ion Mn 9 * * 6 P ul86S «• ^ed in accord- 
ance with the description herein. Oriver 121 operates in the manner described below 

High voltage source 122 is connected across capacitor bank CS, and charges capacitor bank C5 to a votege suit- 
able for apphcaton to flashlamp 14. Capacitor bank C5 may be a comprised of one or more capacitors, and may be 
configured in the manner described above. y 
.. . P , rior ?° "'"^ration «« «ashlamp 14 f lashtube trigger generator TR2 breaks down flashlamp 14 and creates a reta- 
rd lw " m P 6danc6ehan " 6 ' Aftertheflashlampbreaksdown. capacitor CTduntpsc^ into flashlano 14 
%5Z£%2 I impedance ehannel * flasnlam P 14 - >" manner a pre-discharge is provided that prepares 
flashlamp 4 for the power pulse. Capacitor C7 provides a small amount of current relative to capacitor bank CS Atter- 
nafevdy. driver circuit 121 may operate in a ■femur mode, wherein the pre^lischarge is not necessary 
,, u Tn6rea ™ r - 8wrteh GTO1 is «w n«J on via a pulse from GTO trigger generator TR1 . completing the circuit between 
l^Tt ^T" dt ° r tank ° 5 ' ^ 6ank 05 rf,SCharaes «ashran^4. An irrfuc^LS m^oe 

££2Tl£ k " 6e Ct " rent ,hr0Uflh flashlamp 14 - lnduetor 15 ma * includ6 60 inh erent 'esistive com- 

ponem, noi snown. 

After a length irt time determined by the desired pulse width has passed. GTO trigger generator TR1 provides a 
pulse to swrtch GT01 . turning it off. A control circuit determines the timing of the trigger pulses and provides them in 
accordance with the desired pulse widths and delays. pravnes mem in 

n* fJTn^*' drC l!l!^ npriSed 01 di0d6 ° 6 ' re8istor K - 8 caPaa'tor C6 is provided tor swrtch GTOI . Also, diodes 
?4tom™^t ,0prrteaS 1 teh0T01 ,romrwere6 «)ltages. Resistor R7 is provtoed in parallel witoftehlamp 
aSng £JS£ " CUrre " t °' "** GTO1> eM in be to mate 8ure M wNi GTO1 is eper- 

=ii Jl * SS 5'!f Wil]0n ,0 driver Circuil 121 18 to p,wid6 80 SCR w other s*"* in Parallel with capacitor bank CS. This 
IT Sehar9 t° f r r Wn9 01 capacitof bank CS without turning on switch GT01. Clhermodifications may be 

S^^r^r 8 C .' rC ^ t "? 8 8erial tri09er ' rath6r than 1,18 Pa* 1161 tn °a 6r shown. Another modification is 
to use the dnver circuit with a laser rather than flashlamp 14. 

n( n^™ 0 ! "Jf? Wi * hS 81X1 del8yS 08,1 8id " awoidinfl burnin " 016 epidermis. The epidermis has a cooling time 
of about 5 msec. wh>le large vessels have a longer cooling time (a 1 mm vessel has a cooling time of about 300 msec) 

fa^Lt^S IT 86 ^ '°? 9er * 8n 5 mS6C 0,6 ^a"" 18 can cod down but the vessel will not. For example 

The same effect may be achieved using trains of pulses. This is useful when it is not practical to provide a sinale 
vTlCco^^ 

vesse to cool. Thus, larger vessels can be treated with longer delays because they have greater cooling times Small 
^SSSf '° nfl *** " ™* ^.**<^t~W«*£»£Z2£. 
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Typical delay times are in the range of 20 msec to 500 msec. More specifically delays of between inn qnn me~ 
aree^vefervesseisbrgerthan , mmindiameter. Delays of between ^^Ten1^Z v Z^Z 

Aangteputeehav-ngawrth ,n the range of 1 msec to 20 msec is effective for vessels less than 0.1 rnmTanX 

Adtfrtwnally, delays should be selected according to skin pigmentation. Darker skin absorbs more enercv and 
sh^ys"' 6 10 W0,: *" ^ ^ " M U9Mer «" ^ 1688 energ^r^Z^ 

use ri^^EE* PUlS l S "* 5Urpora " or *» ex P (osion ° f sma » "«* in or close to the skin The 

^TL^ P™"* 19 coo«ng will be effective for light provided by lasers or other sources^ JSl 
lamXZZtZT* embod ^ ert i ncl ^ the use of a microprocessor or persomU computer to cSSSh^S 
A^L^l in ^'3 Can i > l USed 10 PmM> tha fin " nfl ' UncKons ^ « »• Wggersignals described 
TZ^nn^'™! 6 m,croprocessor indudes a user interface, such as a screen and keyboard. butoT 
m^ pmers microprocessors have information stored therein that aids in the selection oZ7 

the mtar™ s t B r t ^f^? i0n * aP ° rt ^ sKn *** '"• ^ P^cian Nxits that condition into 

rtf fto a ^fl^ r^ HT eS Tc reSP ° SU99eSted trea,ment cetera, such as using a 570nm cut- 

fm^l^ ^ ^ 3 d6lay °' 50 1,1880 and a fluence oi 55 J/cm2 - T»» Physician can alter these suggested 
parameters, but need not refer back to operating guidelines tor suggested parameters suggested 

Thus isT™n?!ll=r 0nal f° mpU, f: Can 8,50 be "•° to CT9ate «W store patient information in a database. 

^ information such as condition being treated, treatment parameters, number of treatments do is 

t^S^f* 89 m ^: C ' Ude P hoto « ra P hs «* Pint's condition before andTfter uSEm^Z 
h "2 d ! ,er "i nin9 ^ treatmente are successful ** g^" conditions ^ ' 

k^sZid^Z^ ^^^^^^successMly treated. Simflany. skinreju^naSfreS^n 
c^l^^T 8 ,nven,orfurthe ' contemplates using this invention to treat hemorrhoids, throat lesionYand 
gynecological problems associated with vascular malformations 

CcJerlU?^!^ Provided in accon,anoe Mention a ilashlamp and 



ations that fall within the spirit and broad scope of the appended claims. 
Claims 

35 

1. A therapeutic treatment device for trealing a treatment region comprising an incoherent pulsed lioht source oner 
MelfZ t* m for treatmert ' 8 connected* *e light s^ThouKZtTa 
iSl EES? 9 80 TT 9 " Wherei " the m • oure « is d *"« 1 *• "ousing and tS^S. 

<o mem T Tl"" 1 ° Penin9 - 8nd a ,,8xibl8 ■*« 9"' de * deposed between me opening aS^ftS 

L ?S: K refleC, ° r ^ ^ C ° 0Perate to • b8 * 88 " • and IOoV to 

selected re^^^ wherein me divergence is 

2. The treatment device ol claim 1 further characterized in that 

I ^ 6rfer T m X isdisposeti be,ween ■» «g™ source and the light guide: and 
a second absorbing filter ,s disposed between the first filter and the treatment region. 

so 3. The treatment device of claim 3 further characterized in that 

the light guide is made from a material including an absorbing dye and is the second absoming enter. 

55 

5 " sou J rcT mert ^ 01 daim 4 ^ CharaC,ari2ed in * at ,ha ^'^cting portion is relaSvely dose to the light 
6. The treamient device of Cairn 5 further characterized in that a cooling gel te disposed over the treatment area. 
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the light guide transmits light such that the light has a Dred^m™ J flr ,«lT 
is selected in response to a desired treatment 7epSi predetemiined an ^^ oivergence and the divergence 

8. The treatment method of claim 7 further characterized in that: 

the light is filtered by a first interference filter between th« linht e ™ «^ *u •• • ^ 

9. The treatment method of daim 8 further characterized in that 

the light is filtered by the second absorbing filter as the light passes through the light guide. 

11. T^eaUnemme^ 

12. Thetreatmentmemodofcteim 7 further incfudingthe step of applying a coding gel to thetreatmerrt area. 
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FIG 2 
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FIG. 15 FIG. 16 
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